Antimony(III) chloride catalyzes the three component Mannich type reaction of a variety of in-situ generated Schiff bases generated from aromatic aldehydes and anilines with cyclic/acyclic ketones. The reaction proceeds smoothly at ambient temperature to afford the corresponding β-amino ketones in good yields with moderate to good diastereoselectivity.
The Mannich reaction involving carbon-carbon bond formation between a ketone and a Schiff base is a classical method for the synthesis of β-amino ketones and other β-amino carbonyl compounds, which in turn are important intermediates in the syntheses of several natural products and pharmaceuticals [1] . For example, the intramolecular Mannich reaction remained a key step in the syntheses of Lycopodium and Porantherin alkaloids [2] . Also, intermolecular Mannich reactions have been successfully applied in the synthesis of piperidine alkaloids [3] . Direct, three component Mannich reactions of aldehydes, aryl amines and ketones have been realized by various Bronsted and Lewis acids [4] . Lately, metal triflates have been used as efficient catalysts in Mannich type reactions [5] . However, most of these methods suffer from drawbacks including the use of large amounts of catalysts, the high cost of the catalysts, low yields and long reaction times.
There is great interest in the development of convenient methods for the synthesis of β-amino ketones. Herein, we report an antimony(III) chloride (SbCl 3 ) catalyzed three component one-pot Mannich reaction leading to the synthesis of β-amino ketones under mild conditions. [6] . This prompted us to explore its potential in Mannich reactions. Initially, the Mannich reaction of cyclohexanone and N-benzylideneaniline was carried out using SbCl 3 (10 mol%). To our satisfaction, the reaction proceeded smoothly to afford 3a as the sole product, in good yield (78%).
Imines are usually difficult to purify as they are hygroscopic and unstable at higher temperatures. To avoid the use of preformed imines in the Mannich reaction, an SbCl 3 catalyzed three component one-pot reaction was investigated. Thus, reaction of 3-nitrobenzaldehyde (1 equiv), 4-methoxyaniline (1 equiv) and cyclohexanone (1.5 equiv) was carried out with 10% SbCl 3 ; 3b was obtained in poor yield (43%), along with unreacted starting materials and Schiff base. This is probably due to the decomposition of SbCl 3 by water formed during the formation of the Schiff base and thus loosing its activity. To substantiate this, the Schiff base was first prepared in situ from 3-nitrobenzaldehyde (1 equiv.) and 4-methoxyaniline (1 equiv.) using Na 2 SO 4 (40 equiv., 3 h) and progress of the reaction was monitored by TLC. When both nitrobenzaldehyde and 4-methoxyaniline were consumed, cyclohexanone (1.5 equiv.) and SbCl 3 (10 mol %) were added sequentially to the reaction mixture without isolating the Schiff base. Gratifyingly, the reaction proceeded smoothly at ambient temperature (8h) to afford the diastereomeric mixture of 2-((3-nitrophenyl)-(4-methoxyphenyl amino)methyl)cyclohexanone (3b) (anti:syn = 70:30) as the sole product in 76% yield ( Table 1 , entry 2). The diastereomers of 3b could not be separated and, therefore, the diastereomeric ratio was calculated from the 1 H NMR spectroscopic data. The anti/syn ratio in 3b was assigned from the coupling constants of the vicinal protons adjacent to C=O and NH in their 1 H NMR spectra. The signals at δ 4.83 (d, J = 4.5 Hz, CH-NHAr) and δ 4.69 (d, J = 5.6 Hz, CH-NHAr), respectively corresponded to the synand anti-isomer, respectively. As mentioned above, the coupling constant of the anti-isomer is usually higher than that of the syn-isomer [5b,7] .
To see the advantages of the present protocol, the above reaction was compared with a few reported Mannich reactions. In most of the cases, the yields of the present methodology were comparable with those of the reported ones.
The influence of solvents and the stoichiometry of SbCl 3 on the Mannich reaction were then investigated. Among different solvents used, acetonitrile with 10 mol% of SbCl 3 was found to be the best combination in terms of yield, reaction time and diastereoselectivity and this was used for all subsequent studies ( Table 1) .
The scope and limitation of this reaction were also investigated and the results are summarized in Table  2 . Various substituted aromatic aldehydes and anilines were used with cyclohexanone as the nucleophile and in all cases, Mannich adducts (3c-l) were formed in good yields with moderate to good diastereoselectivity ( Table 2 , entries 1-10). Beside cyclohexanone, reaction with acyclic ketone was also investigated. The use of acetone as nucleophile expectedly yielded the corresponding β-amino ketones 4a and 4b, albeit in modest yields ( Table 2 , entries 11 and 12). In the case of unsymmetrical ketones, the reaction occurred preferentially at the less hindered site. Thus, reaction of 2-butanone, 3-nitrobenzaldehyde and 4-chloroaniline provided an inseparable mixture of Mannich adducts 4c and 5c (4c:5c = 64:36, derived from 1 H NMR data) ( Table 2 , entry 13). Similarly, a mixture of 4d and 5d was isolated from the reaction of 2-butanone, 3-nitrobenzaldehyde and 4-methoxyaniline (4d:5d = 82:18) ( Table 2 , entry 14).
In conclusion, we have demonstrated that SbCl 3 is an efficient Lewis acid catalyst in three component onepot Mannich type reactions at ambient temperature to afford β-amino ketones. Various substituted aromatic aldehydes and anilines were used and in all cases corresponding β-aminocarbonyl compounds were obtained in good yields with moderate to good diastereoselectivity. This method offers several advantages including mild reaction conditions, low catalyst loading, and cheap and easy to handle catalyst. Application of SbCl 3 in other synthetically useful reactions is under way.
Experimental
General: IR spectra were obtained with a Jasco FT/IR 4100 spectrophotometer. 1 H and 13 C NMR spectra were recorded with a Bruker AC 200 (200 MHz) spectrometer. Microanalysis was performed with a Carlo Erba elemental analyzer (model 1110). SbCl 3 was purchased from Aldrich Chemical Co. and used without further purification. Acetonitrile was dried over P 2 O 5 . Antimony(III) chloride catalyzed Mannich reaction Natural Product Communications Vol. 4 (2) 2009 249 2 mmol) were added and further stirred at room temperature. The progress of the reaction was monitored by TLC. After completion of the reaction (5 h) the mixture was quenched with saturated aqueous NaHCO 3 solution (3 mL) and stirred. Acetonitrile was removed in vacuo and the sticky mass was diluted with ethyl acetate and passed through Celite. The Celite bed was washed with ethyl acetate. The combined organic layer was washed with water, brine and dried (Na 2 SO 4 ). Removal of solvent followed by column chromatography (SiO 2 , eluant: n-hexane:ethyl acetate = 85:15) yielded a diastereomeric mixture of 3b in 76% yield (anti:syn = 70:30).
All the compounds (3a-l, 4a-d, 5c and 5d) were characterized from IR, 1 H NMR and 13 C NMR spectroscopic data. Except for 3a, diastereomers of all other compounds (3b-i) could not be separated and thus 1 H NMR and 13 C NMR spectroscopic data of the diastereomeric mixture of these compounds are reported (see supplementary material).
